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Preparation of alkynes 2
Diphenylacetylene
(2m), 4-octyne (2s), 1-phenyl-1-propyne (2v), and (tert-butyldimethylsilyl)acetylene (2w) were purchased from commercial suppliers and used as received. Alkynes 2n (CAS: 2789-88-0), 7 2o (CAS: 2132-62-9), 2p (CAS: 119757-51-6), 2q
(CAS: 2789-89-1), 2r (CAS: 38399-13-2), 2t (CAS: 40474-01-9), 8 and 2u (CAS: 21375-88-2) were prepared according to the reported procedures.
5.
A general procedure for Ir-catalyzed [3 + 2] annulation of 3-hydroxy-3-phenylisoindolin-1-one (1a) with diphenylacetylene (2m) ( Table 1) 3-Hydroxy-3-phenylisoindolin-1-one (1a, 45.0 mg, 0.20 mmol), NaBAr The residue was subjected to preparative TLC on silica gel to give 3. 7 T. Yamakawa and N. Yoshikai, Org. Lett., 2013, 15, 196. 128. 6, 128.8, 130.0, 130.6, 131.9, 132.7, 141.3, 142.0, 143.8, 144.7, 147.2, 158.8, 159 .2, 171.1. S-8 7.13 (m, 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.26 (d, J = 8.1 Hz, 2H), 2H), 4H), 7.65 (d, J = 8.1 Hz, 2H), 1H) ; 13 C NMR (CDCl 3 ) δ 74. 9, 121.4, 121.5, 122.9, 123 .7 (q, J F-C = 272 Hz), 123.9 (q, J F-C = 272 Hz), 124.5, 125.3 (q, J F-C = 4 Hz), 125.9 (q, J F-C = 4
HRMS (ESI) calcd for
Hz), 127.9, 129.0, 129.1, 129.3, 129.6, 129 .9 (q, J F-C = 33 Hz), 130.4 (q, J F-C = 33 Hz), 131.8, 133.0, 136.6, 137.2, 142.4, 142.8, 143.3, 144.6, 146.0, 171.0 8, 121.2, 121.4, 122.1, 122.4, 122.7, 124.3, 127.4, 128.9, 129.1, 130.3, 130.8, 131.4, 131.8, 131.9, 132.0, 132.5, 132.8, 142.0, 142.7, 142.7, 144.5, 146 
S-9
Transformation of 3ar into 3am. To a solution of 3ar (54.3 mg, 0.10 mmol) in THF (1.0 mL) was added n-BuLi (1.60 M in n-hexane, 500 µL, 0.80 mmol) at -78 °C, and the mixture was stirred for 1 h. MeOH (160 µL, 4.0 mmol) was added, then the mixture was stirred at -78 °C for 20 min. Saturated NH 4 Cl solution was added to the mixture and it was extracted with EtOAc.
The organic layer was washed with brine, dried over Na 2 SO 4 , filtered, and concentrated on a rotary evaporator. The residue was subjected to preparative TLC on silica gel with hexane/EtOAc (1:1)
to give 3am (32.5 mg, 0.084 mmol, 84% yield). Hz, 1H), 7.02-7.07 (m, 1H), 7.25-7.29 (m, 2H), 7.38 (t, J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.89 (d, J = 7.5 Hz, 1H); 13 C NMR (CDCl 3 ) δ 14. 5, 14.6, 22.0, 23.1, 27.3, 28.0, 74.6, 119.4, 121.8, 122.2, 124.1, 125.9, 128.5, 128.8, 131.8, 132.4, 141.1, 143.2, 144.3, 144.7, 147.4, 171 S-10 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 7.5 Hz, 1H), 2H), 1H) ; 13 C NMR (CDCl 3 ) δ 55. 2, 74.7, 114.3, 121.6, 121.7, 122.6, 123 .9 (q, J F-C = 271 Hz), 124.4, 125.1 (q, J F-C = 3
Hz), 125.5, 127.5, 128.9, 129.0, 129.3 (q, J F-C = 33 Hz), 130.5, 131.8, 132.9, 137.5, 140.5, 143.2, 143.9, 144.8, 146.6, 159.6, 170.9 .0, 74.9, 113.8, 120.8, 121.6, 122.8, 124 .0 (q, J F-C = 273
Hz), 124.3, 124.9, 125 .7 (q, J F-C = 3 Hz), 127.2, 128.8, 129.0, 129.7, 129 .9 (q, J F-C = 33 Hz), 129.9, 131.8, 132.8, 138.1, 140.3, 143.0, 144.6, 144.7, 146.6, 159.2, 171.0 Transformation of 3au into 5. 3au (46.4 mg, 0.10 mmol), K 2 CO 3 (25.6 mg, 0.40 mmol), PCy 3 (2.9 mg, 0.010 mmol, 10 mol%), and Pd(OAc) 2 (0.0050 mmol, 5 mol%) were placed in a Schlenk tube under nitrogen. DMA (0.5 mL) was added and the Schlenk tube was capped with a glass stopper. The mixture was heated at 130 °C for 10 h with stirring. H 2 O was added to the mixture and it was extracted with EtOAc. The organic layer was washed with brine, dried over Na 2 SO 4 , filtered, and concentrated on a rotary evaporator. The residue was subjected to preparative TLC on silica gel with EtOAc/CHCl 3 (1:10) and GPC with CHCl 3 to give 5 (27.6 mg, 0, 122.0, 123.1, 123.3, 123.5, 123.7, 123.8, 124.5, 124.8, 126.8, 127.28, 127.33, 127.4, 127.6, 127.7, 128.3, 128.8, 129.4, 130.9, 131.3, 132.2, 133.1, 136.0, 137.1, 140.8, 147.1, 148.8, 171 74.9, 119.9, 121.8, 122.2, 124.1, 127.0, 127.8, 128.3, 128.6, 129.1, 131.9, 132.6, 133.7, 138.6, 142.3, 144.5, 144.8, 147.0, 180.0 = 6.8 Hz, 1H), 7.11 (t, J = 6.8 Hz, 1H), 2H), 7H), 7.93 (d, J = 6.8 Hz, 1H); 13 C NMR (CDCl 3 ) δ 9. 8, 74.5, 120.3, 121.4, 122.7, 124.1, 126.1, 128.0, 128.7, 128.8, 128.9, 131.8, 132.7, 133.9, 140.5, 141.4, 143.9, 144.3, 146.9, 171 S-12 122. 1, 124.1, 126.9, 128.4, 128.8, 131.8, 132.4, 143.0, 145.0, 146.9, 147.6, 149.9, 170.9 4, 18.1, 18.9, 77.7, 121.4, 121.9, 122.1, 124.3, 126.9, 128.4, 128.8, 131.5, 132.4, 142.7, 145.9, 147.1, 148.1, 148.4, 170.9 Compound 1b (4.8 mg, 0.020 mmol), NaBAr F 4 (9.2 mg calculated as the dihydrate, 0.010 mmol), 1,4-dimethoxybenzene (1.4 mg, 0.010 mmol) as an internal standard, and [IrCl(cod)] 2 (3.4 mg, 0.010 mmol of Ir) were placed in an NMR tube under nitrogen. CDCl 3 (0.7 mL) was added, and the tube was capped with a rubber septum.
1 H NMR of the mixture showed a singlet peak of the hydride at -12.2 ppm, and the yield of the iridium-hydride complex was estimated to be 1.4 % after 3 h. S-13 mmol), 1,4-dimethoxybenzene (1.4 mg, 0.010 mmol), and [IrCl(cod)] 2 (3.4 mg, 0.010 mmol of Ir)
were placed in an NMR tube under nitrogen. CDCl 3 (0.7 mL) was added, and the tube was capped with a rubber septum. A singlet peak of the hydride was observed at -13.5 ppm by 1 H NMR.
The yield of the iridium-hydride complex 7 was 57% after 20 h. The mixture was passed through a short column of alumina under N 2 with CHCl 3 as an eluent, and concentrated in vacuo to give 7. 
Observation of the intermediate
A mixture of ketimine 1f (24.3 mg, 0.10 mmol), NaBAr F 4 (9.2 mg calculated as the dihydrate, 0.010 mmol, 10 mol%), alkyne 2m (26.7 mg, 0.15 mmol), and [IrCl(cod)] 2 (1.7 mg, 0.0050 mmol of Ir, 5 mol% of Ir) in toluene (0.4 mL) was heated at 60 °C for 15 min with stirring.
The mixture was passed through a short column of alumina with EtOAc as an eluent, and the solvent was removed on a rotary evaporator. The 1 H NMR of the crude mixture showed the peaks of compound 3fm' and unreacted 1f and 2m, where the formation of annulation product 3fm was not observed. When the residue was subjected to preparative TLC on silica gel, 3fm' was partially transformed into 3fm. On the other hand, treatment of the crude mixture with NaBH 4 (5.7 mg, 0.15 mmol) in MeOH (0.4 mL) at room temperature overnight gave 3fm", which was isolated as a pure form (9.2 mg, 21% yield from 1f; preparative TLC on silica gel with EtOAc/hexane (1:3)). S-14 128. 2, 128.3, 128.8, 128.9, 129.0, 129.1, 129.4, 129.5, 129.9, 130.9, 131.9, 133.3, 135.3, 136.5, 137.3, 140.2, 140.4, 141.1, 144.7 
